with limestone fragments from underlying leozoic formations, crystalline rock fragments from the crust below the Paleozoic section, and some rock and mineral c]asts from the upper mantle. Kimberlite is a blackish-green highly serpentinized ultramafic microbreccia constituting about 1% of the dike. There is no evidence that a silicate melt was ever present at the present erosion surface. All the breccias are particulate and intricately mixed at all scales. Analyses of its constituent minerals, kimberlite and related dense-rock fragments from Moses Rock dike, have shed considerable light on the origin of the kimberlite [McGetchin, 1968; McGetchin and Silver, 1968, 1970a] . Mineral grains from kimberlite, in particular pyroxenes and garnets, are compositionally unlike those of most associated xenoliths (eclogite, pyroxenite, serpentinite, gabbroic gneiss, and others) but are similar to those from lherzolite fragments and also to mineral phases occurring as inclusions within pyropic garnets. Pressure and temperature assignments were made on coexisting clinopyroxene and garnet and on individual clinopyroxenes (with the assumption that these grains coexisted with garnet or spinel) according to procedures described by McGetchin and Silver [1970a] . Results indicate that the pyroxenes were derived over a significant depth range in the upper mantle extending from about 50 to about 200 km and that they come from both spinel-and garnet-bearing peridotire assemblages (Figure 2 ). Similar minerals collected at Red Mesa, Mule Ear, and the Garnet ridge pipes also indicate that mantle temperatures are modest, probably about 900 ø-950øC, at depths ranging between 50 and 200 km. The data clearly indicated that the kimbefiite was derived from disaggregation of A1-rich and Al-poor pyroxene-bearing peridotire assemblages in the mantle, spinel-lherzolite, and garnet-lherzolite, respectively. The other dense xenolithic rock fragments (eclogite and pyroxenite) are considered to be accidental inclusions derived from the vent walls during the eruption, although they may be volumetrically significant constituents of the mantle. Volatile-bearing minerals including titanoclinohumite, calcite, and amphibole occur as inclusions within pyrope. Clinohumite is intergrown with kimberliteolivine in textural modes precluding its origin as an alteration product; hence it apparently was present in the mantle with minerals derived from both spinel-lherzolite and garnetlherzolite and is a possible site for volatiles in the upper mantle. With this relationship in mind, observations were made of the metamorphic and igneous fragment populations at 28 localities. The variety of rock types present is great, and so size data were gathered on a carefully selected representative suite. At each sample site, rock populations were examined within a bounded area defined on the ground. The largest speciment of each member of the representative suite was located, and previously unrecognized specimen types were collected. The size (maximum dimension) of the largest crystalline fragment at each locality was set equal to 100, and the size of other fragment types at that locality was expressed proportional to 100. This number is called the size index. Averaged over all 28 sample localities, the mean size index N is a To summarize, the principal observations and inferences relevant to all attempts to reconstruct the column are as follows. (1) Metabasalts and granite are abundant and are the largest fragment types; therefore they are inferred to be abundant in the upper part of the crust. (2) Gabbro and diorite.fragments are moderately large and have suffered no more than modest retrograde metamorphism; hence they are young or shallow or perhaps both. (3) In general, lowrank metamorphic rocks are larger than highrank metamorphic types; basic metamorphic compositions are more abundant than more acidic (or pditic) types. Sillimanite was observed but not kyanite or andalusite; many of the metamorphic rocks show the effect of retrograde metamorphism. We feel that these rocks constitute a pile of metavolcanic and metaplutonit rocks (mainly basalts and gabbros) increasing in metamorphic grade with depth from greenschist facies assemblages near the surface, amphibolite grade rocks at intermediate depths, and granulite grade rocks (garnetiferous metagabbro) at depth. Also, we fed that these rocks probably grade downward more or less continuously to plagioclase-bearing eelogitic rocks, eelogites, and pyroxenites. (4) The serpentine schist is abundant and is interesting because it could be stable within the uppermost mantle, given a sufficiently low geothermal gradient. Its seismic properties are probably very similar to those of the garnetiferous gabbro gneiss. Because serpentine-, amphibole-, and chloritebearing rocks are inferred to be abundant in the lower crust and other hydrous minerals are inferred to be abundant in the uppermost mantle, the thermal conductivities assumed might be too low. On a global scale the zone in the upper mantle between depths of 100 and 200 km is of particular interest because it contains the low-velocity zone, because magmas are generated in it, and because continents perhaps slide on it. In the Colorado plateau this zone has the following properties.
Mineral constituents of kimber]ite (garnet,
7023
By using Clark and
1. It has low Q [Solomon, 1972] 6. It probably contained the reservoir from which kimberlite, carbonatite, and minette diatremes were emplaced by a violent mode of eruption that apparently required a large supply of volatiles.
We feel that all these observations are consistent with a view that the upper mantle of the Colorado plateau may contain (or contained) significant interstitial volatile-rich fluid phases at temperatures below the silicate solidus. Crustal rocks are predominantly igneous and metaigneous, and the crust is believed to have evolved primarily by igneous processes.
The upper mantle is believed to be a mix of
